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THESIS ABSTRACT 
Patel, K. R., 1960. Responses of big bluestem to habitat _factors in 
a relict prairie. 
This investigation was an attempt to determine the effects of a 
change of habitat factors on the responses of big bluestem which dominates 
favorable site in the mixed prairie association. Responses of big 
bluestem on five habitats were determined with reference to the following 
factors: (1) soil composition; (2) temperature; (3) relative humidity; 
(4) evaporation; (5) wind; (6) light; and (7) mulch cover. 
The five habitats for studying big bluestem were selected on the 
basis of range site and exposure. Four were located on an east-facing 
slope and the fifth was located on a west-facing slope. 
During the growing season of 1960, when this study was conducted, 
a mid-season drought occurred, grea ly affecting vegetative growth. 
One hundred square-foot quadrats were established in order to 
make weekly measurements of big bluestem. Responses of big bluestem 
to habitat factors were grouped into four main categories as follows: 
(1) weekly and cumulative height of plants and number of leaves of each 
marked plant; (2) basal cover and composition; (3) plant population; 
and (4) total production. Climatic and edaphic factors of each habitat 
were measured weekly. 
Findings were as follows: 
(1) Inspite of considerable difference in depth of soil among 
habitats, the texture of soils was the same for all habitats. 
(2) Average maximum air temperature was higher on the west-
facing slope than on the east-facing slope for the season. 
(3) Air temperatures were consistently higher inside the vegeta-
tion than outside. 
(4) Surface-soil was consistently warmer during the day than 
sub-soil. 
(5) Soil temperatures were highest in the afternoon in surface-
soil and in the evening in sub-soil. 
(6) Average weekly relative humidity was consistently higher 
inside the vegetation than above. 
(7) Relative humidity inside the vegetation was lower on the 
west-facing slope than that on any habitat on the east-
facing slope. 
(8) Rate of evaporation was higher from the habitat on the 
west-facing slope than that on any habitat on the east-
facing slope. 
2 
(9) Wind velocity was higher at the top of vegetation t han inside. 
(10) The velocity was higher in the evening than that of noon or 
morning. 
(11) Light intensity was lower inside the vegetation than outside 
and was the lowest at tile mulch level. 
(12) Average height and number of leaves per plant was greatest 
on habitat D favoured by more mesic conditions. 
(13) Though big bluestem plants did not increase in height after 
July 15, new basal leaves were produced by many plants until 
September 13. 
(14) Only one percent of the plants of big bluestem produced 
inflorescences. 
(15) Basal cover was lowest on the west-facing slope having more 
xeric conditions. 
(16) Exposure and depth of soil were primarily the determining 
factors for variations in species occurrence. 
(17) Percent survival of big bluestem plants was proportional 
to variations in intensity of habitat factorso 
3 
(18) A linear increase in amount of mulch was found with increased 
height of plants. 
(19) The highest yield of big bluestem was harvested on habitat 
D favoured by more mesic conditions while the lowest pro-
duction was associated with more zeric condition of 
habitat E. 
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The response of vegetation to protection from grazing varies 
with each species and habitat. The functional and growth responses of 
plants on different habitats are intimately related to the rnicrocli.mate 
WRich, in turn, is magnified or modified by exposure and cover on the 
habitat. 
More recently great interest and research efforts have been 
directed toward the role of micro-climates in the distribution of 
natural vegetative types and individual native species. Wolf et al. 
(1949) indicated the important role of microcli.mate in determining 
the distribution of various native species in a rather small area. 
The first intensive investigation of mixed-prairie vegetation 
in relation to microclimate and different habitats was that of 
Albertson (1937). Some pertinent publications by Albertson and 
Weaver (1942), and Weaver and Albertson (1944; 1956) are of great 
value to ecological studies of the prairie. 
In delimiting climates and climaxes of the grassland formation, 
Weaver and Clements (1938) have designated the vegetation in the area 
of intermediate rainfall of mid-western Kansas as the mixed-prairie 
association dominated by needle grass (Stipa comata Trin. and Rupr.) 
and buffalo grass (Buchloe dactyloides (Nutt.) Engel m.) However, a 
relict1 portion of 35 acres in this association near Hays, Kansas is 
dominated by big bluestem (Andropogon gerardi Vitman.) replacing 
degenerated disclima.x vegetation resulting from. grazing. The relict 
area provided an opportunity to investigate the specific influence of 
factors of the habitat which permitted tall grass to reach climax in 
the mixed prairie association. 
The purpose of this study was to investigate the changes in 
vegetative composition and cover, the differences in growth and 
variations in forage production of big bluestem as affected by 
. -
changes in factors of the habitat. The factors included in the 
study were soil composition, temperature of air and soil, relat ive 
humidity, evaperation, wind, light and mulch cover. 
1A relict in ·an ecological sense is described by Clements (1936) 
as a community or fragment of orie that· ·has sum ved some important 




A review of the literature revealed that a considerable amount 
of investigation has been made pertaining to habitat factors on various 
types of vegetation. Some pertinent literature related to temperature, 
relative humidity, evaporation, wind, light and mulch has been included 
hereo Each will be treated separately, but some may overlap in certain 
instances owing to their close interrelationship. 
Temperature 
Temperature is an extremely important factor in promoting 
transpiration. Martin and Clements (1935) as well as Manzonia and 
Puppo (1934) and Curtis (1936) have presented evidence that solar 
radiation is more closely related to transpiration through its effect 
in heating the leaves. These authors concluded that correlations be-
tween either temperature or relative humidity and transpiration are in 
part due to the relationship of these factors with insolation. 
It has been found by Kiesselbach (1916) that a fully grown corn 
plant will transpire daily about 4 pounds of water at a mean temperature 
of 700 F., whereas at 80° F. it will transpire 7 pounds. He has also 
suggested that the weather factors for the day only should be used in 
studying their effect upon the total transpiration since transpiration 
at night is onzy 7 to 8 percent as great as in the daytime. 
From comparisons between clima...~ prairie and cultivated corn at 
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Lincoln, Nebraska, Flory (1936) found that the average day and night 
temperatures in the corn field were always 1 O F. to 50 F. higher than 
in the prairie. The mean temperature for the entire three-year per iod 
was 74.50 in the prairie and 77.90 in the corn field. During the day 
the mean temperature in the prairie was 3.90 lower than in the corn 
field, but only 2.70 lower at night. The mean day temperature in the 
corn field ranged from 20 to 70 higher than in the prairie . He con-
cluded that no one climatological factor is responsibl e fo r the develop-
ment of vegetation. Each year a number of different combinations of 
factors may operate at different times. Transpiration losses were 
more responsive to environmental factors in each habitat until a good 
cover of vegetation was produced. After maturity of the leaves, 
changes were less marked. 
Flory (1936) also reported that soil temperatures were always 
higher tn the cornfield than in the prairie; the mean temperature at 
3 inches depth for the three year period was 8.20 F. higher;. the day 
temperature 8.3°, and the night temperature 8.0° higher in the f ield. 
At 8 inches depth, the mean temperature in the cornfield was 2.2° 
higher, the day temperature 2.4°, and t~e night temperature 2. 0° 
higher respectively than in the prairie. The r ange between the aver-
age daily maxima and minima, for the 3-yea:r period at the 3-inch depth, 
was 12.30 in the cornfield and 11.50 in the prairie. At the 8-inch 
depth it was 4.2° in the cornfield and 3.8° in the prairieo 
Sub-soil temperatures of desert soils were determined at depths 
of 3, 6, and 12 feet by Turnage (1939). The conclusions reached from 
this study were that the mild and equable temperatures of the sub-soil 
in the desert are in sharp contrast to the widely varying air tempera-
tures. The air temperature normally ranged from 300 to 50° F. each 
day and from 80° to 100° annually, with a maximum of u50. Sub-soil 
temperatures also contrasted sharply with the temperature of the sur-
f ace soil. The surf ace soil temperatures rar:ged from a maxinnun of 
165° to a minimum of 20° in a year. In considering the above data, 
it can be seen that roots in the sub-soil live in a vastly different 
envir.onment from that of the supe;rficial roots and shoots of the same 
plant. 
Relative humidity and evaporation 
The importance of relative humidity lies in its effect on the 
rate of water loss to the air by plants and by the soil. A linear 
relation was found by Darwin (1914) between relative humidity and the 
magnitude of transpiration. Martin and Clements (1935) reported 
, , 
correlation coefficients of -0.85 to -0.75 between t ranspir ation and 
relative humidity. Wit~ regard to the physiological process, the 
relative humidity directly affects the rate of water loss from 
plants through transpiration, and from soil through evaporation. 
The usefulness of evaporation records in estimating water re-
quirements of plants is limited according to Loftfield (1921) because 
the transpir ation rate is largely determined by the factors of 
evaporation only when the stomata are open or nearly so. Transpira-
tion of diurnal stomatal opening, by stomatal size and numbe~ by 
relative saturation of cells surrounding the sub-stomatal chambers 
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and by leaf-air temperature differences. 
Weaver and Clements (1938) stated that in Montana, where evapo-
ration is low, 14 inches of precipitation are sufficient to support a 
good growth of short grass; 17 inches are required in Colorado; and 
21 inches in Texas. Evaporation determines the efficiency of rain-
fall in a great measure, especially where the rainfall is less than 
6 
30 inches. 
Kucera (1954) studied the evaporation rates in an open blue-
grass pasture as compared to beneath the canopy of a nearby hickory 
grove. The results of this study indicated that the mean evaporation 
rates for the morning and afternoon periods were respectively 42: and 
60 percent greater in the open field than in the f orest grove. In the 
forest grove the average wind speeds did not exceed four miles per 
hour, whereas, in the open field over 10 percent of all observations 
exceeded this velocity. This study indicated the moderating influence 
of the forest canopy on the microclimate of the area. 
Livingston (1952) measured the evapor ation rates in four grass-
land communities located in the plain regions of Colorado. By using 
spherical, porcelain atmometers, the average weekly atmometer loss was 
recorded as follows: mixed prairie at 6400 feet, 353.3cc.; true 
prairie at 6600 feet, 314.9cc.; true prairie at 7400 feet, 173.2cc.; 
and mixed prairie at 7500 feet, 168.6cc. These data indicated a 
rather uniform decrease in the evaporation rate with increased alti-
tude. There was no evidence that the evaporation rate within the 
true prairie communities is appreciably different from the evap9ration 
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rate in the adjacent mixed prairie. 
Rice (1960) studying the microclimate of a relict stand of 
Sugar Maple in a canyon in Oklahoma found that the average daily mini-
mum air temperature and the average daily air temperature were consis-
tently higher outside the canyon. Average daily relative humidity was 
coasistently higher in the canyon. The average daily air movement was 
3½ to 15 times higher each week out_sidethe canyon than inside. The 
average daily evaporation from the white atmometer cups measured from 
2 to 4 times higher each week outside t he canyon than inside. The 
average daily soil temperature and the average daily maximum soil 
temperature of a 3-inch depth were consistently higher each week out-
side the canyon. 
Wind 
Wind movement usually lowers humidity and increases evaporation 
by constantly removing the belt of moist air that tends to form near 
the ground surf ace as a result of the evaporation of moisure from soil 
and vegetation. Odum (1959) stated "that good critical studies of the 
effect of wind are needed. In their preoccupation with temperature 
and moisture, ecologists have neglected this important factor." 
According to Curtis (1936) as the water vapor diffuses from leaf 
and soil surfaces, the air in the immediate vicinity may approach 
saturation and the rate of water loss to the atmosphere be retardedo 
Wind movement tends to maintain the diffusion gradient by the continuous 
substitution of dry air around moist surfaces. Leaves, however, may be 
rapidly heated above air temperatures by absorbed energy and so transpire 
in saturated air, and air movement over heated leaves may reduce their 
temperature sufficiently to reduce transpiration rather than increase 
it. Thus air movement is a detrimental factor for plant development 
whenever the evaporation of needed water is augmented. 
Dice (1955) has found that the rate of wind movement has very 
important indirect effects upon certain physical factors of a habitat. 
The relation between the rate of wind movement and the rate of evapo-
ration is directly related. The higher the rate of wind movement the 
higher rate of evaporation up to a certain point. A high rate of wind 
movement may cause the rapid removal of moisture from the soil with 
- . 
consequent unfavorable results for certain plants. This relationship 
is partially responsible for the variations in vegetation on different 
slope exposures. 
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In a study conducted by Kucera (1954), the statistical relation-
ship of evaporation rate to the vapor pressure deficit aid wind 
velocity was determined for a five week period. This study indicated 
that increased wind velocity increased the rate of evaporation substan-
tially. 
Dwarfing is another effect of consistent high wind velocities. 
Daubenmire (1959) stated that "plants developing under the influence of 
drying winds never attain a degree of hydration, and consequently of 
turgidity, that enables them to expand their maturing cells to normal 
size . As a result all organs are dwarfed, without necessarily bei ng 
defon11ed, because constituent cells become fixed at subnormal sizes." 
Allee et al. (1949) have reported that the surface of vegetation 
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acts as does the surface of the ground in reducing wind velocities 
almost to the zero point. In dense grass, or other types of vegetation, 
there is an almost complete calm at the ground level. This effect has 
been measured among heather. At a height of 2 cm., the air movement 
was less than 0.008 meter per second; whereas, among ~e tops of the 
heather at 180 cm., the air was moving at a rate of 51.0 meters per 
second. 
Fukuda (1955) in his study of the influence of wind gustiness 
on air arrl vapor transfer movement in soils, concluded that wind 
gustiness had little influence on the water vapor transfer rate. His 
conclusions were based entirely on mathematical considerations and 
assumed that water vapor transfer would be influenced only in propor-
tion to the total amount of air moving out of the soil. That is, he 
assumed that water vapor transfer was related to wind gustiness only 
to the ex.tent that water vapor was associated·with the mass volume 
of air leaving the soil. He did not consider the total influence of 
wind on the water vapor transfer process. 
EKposure 
The ,variations in microclimate and resultant effect on the 
growth of vegetation are intimately related to the habitat on diff erent 
facing slopes or exposures. The forested regions exhibit a more marked 
degree of variation than do the prairies or grassland areas. In the 
grassland formation, different exposures exhibit noticeable differences, 
in the species composition, st~uct1:ll'e and development of vegetation 
through the action of microcli.mate. 
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Weaver (1917) conducted ecological studies in Southeastern Wash-
ington and adjacent Idaho which indicated a significant difference in 
the vegetational cover of the prairie vegetation. The difference in 
microclimate conditions was reflected in the vegetational cover in a 
number of ways. Weaver found that the resumption of growth in late 
March or early April is often from 10 to 17 days earlier on the warmer . . 
exposed slopes. Likewise, the same species flower and dry up corres-
pondingly earlier than on the sheltered north-facing slopes. Weaver 
also indicated that the vegetational cover was less dense on the exposed 
south-facing ~lopes, often 10 to 30 percent of the ground appearing bare 
by mid-summer. Closer observation indicated that this space was formerly 
occupied by early flowering species which have become dry and brown. 
Weaver also determined the number of individuals and the floristic 
distribution of the various species by use of a list quadrat. It was 
determined that south-facing slopes showed more than 115 individuals 
per square meter, while the nor~~facing slopes showed more than 200 
individuals in the same unit area. The _most pronounced differenced in 
vegetation indicated by Weayer 1 s study was the smaller number or total 
absence of more mesophytic plant-forms on the south-facing slopes. The 
mesophytic plants were located on the more moist, better protected 
north-facing slopes. 
The effect of slope on the rate of evaporation was i ndicated by 
Aikman (1914). Four aspects of slope were investigated near Floris, 
Iowa. Evaporation averaged about 6 cc. per day higher for the west-
facing slope than for the east-facing slope for the period from July 25 
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to August 24. Several shorter periods showed evaporation on the west-
facing slope by to be 20 perc~nt, and in one instance, 40 percent greater 
than on the east-facing slope. 
Mulch 
In the light of certai n recent important findings in the science 
of soil and water conservation, the absence or presence and amount of 
litter or mulch have taken on vastly greater significanceo 
Larson and Whitman (1942) in studying grassland of a mesa in 
the South Dakota Badlands that had never been disturbed by man or 
domestic livestock found the surface of the soil covered with a mulch 
averaging ¼ to½ inch in thickness. They reported forage yields which 
varied directly with the depth of natural mulch. 
Hopkins (1954) collected 9060 pounds and 22,610 pounds of 
mulch from a hillside and a lowland of ungrazed big bluestem habitats, 
respectively. He also found that the mulch reduced soil temperatures 
and retarded evaporation. Its effectiveness in reducing evaporation 
was greatest when the surface soil was moist; evaporation losses were 
not in direct proportion to depth of mulch. 
Data by Beutner and Anderson (1943) on semi-desert rangeland 
of Arizona, showed that infiltration of water was two to tllree times 
greater with about two tons per acre of mulch than on either bare soil 
or soil where about two tons per acre of dead material had been mixed 
in the surface three inches. These authors stated th.at a 20 percent 
increase in conservation of moisture in well-vegetated areas may in-
crease forage production by 50 percent. 
Duley and Kelley (1939), using a wide variety of soi l types, 
found that mulch had a larger influence on infiltration capacity than 
soil type, initial moisture content_ and rainfall intensity combinedo 
Weaver and .Albertson (1944) stressed the impor t ance of soil . -
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moisture as the limiting factor in plant production in the mixed prairie 
Hanks and Woodruff (1958), mc3.ki~ a comparison of the r ate of 
evaporation from soil covered with soil, gravel, and straw mulches, 
showed that the evaporation rate increased in all cases with an in-
crease in the wind speed. Evaporation was increased about 10 times 
by increasing the wind speed from Oto 25.4 miles per hour with no 
. -
mule~ and only 2 to 6 times where a mulch was present. Their results 
showed that soil mulch "buffers" the relative influence of wind on 
evaporation. For the gravel and straw, evaporation was increased 
about 10 to 15 times by increasing the wind speed from Oto 25 miles 
per hour. 
CHAPTER III 
DESCRIPTION OF THE STUDY AREA 
The study area, referred to as the "relict _area," is located 
approximately 2.5 miles southwest of Hays, Kansas. The area is a part 
of the Fort Hays Kansas State College Farm and contains about 35 acres. 
This area, divided by a ravi.ne passing from n?rth _to south, has a long 
gentle east- and steep west-facing slope (Fig. 1). 
The soils of the area a.re derived from Fort Hays limestone. The 
soil of the upland is a deep mature clay-loam while that of the hillside 
is more shallow; both soils having a well-developed profile. In the 
lowland the soil is a~uvial, quite deep and azonal due to the run-off 
from surrounding areas. 
Though the vegetation of mid-west Kansas has been recognized as 
belonging to the mixed prairie ~ssociat ion by Clemen~s (1920), the area 
under study, protected from grazing since about 1902, has a~tained climax 
vegetation dominated by tall grass, especially big bluestem. 
Tb,e upper east facing slope (Habitat A) was dominated largely by 
big bluestem and side oats grama (Bouteloua curtipendula (Michx.) Torr.); 
scatter bunches of bluegrama (Bouteloua gracilis (h.B.K.) l ag. ex 
Steud.) and little bl~estem (And.ropogon scoparius Michx.) were f ound 
throughout the upland. Of the many forbs occurring throughout the area, 
wild alfalfa (Psoralea tenuiflora Pursh), lead plant (Amorpha canescens 
Pursh), and numerous seedlings of golden rod (Solidago rigida L. and 
clover (Meli~otus EE•) were the most coT!Illlon (Fig. 2). 
Fig. 1. General view of relict bluestem 
prairie from west-facing slope 
looking towards east-facing slope. 
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Fig. 2. View of habitat A (Transect Nos . 
1 and 2 on upper east-facing slope) 
showing the growth of vegetation 
on September 17, 1960. 
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The middle east-facing slope (Habitat B) was predominantly 
covered with tall grasses such as big bluestem, side oats grama, 
little bluestem, Indian grass (Sorghastrun nutans (1.) Nash.) and 
switch grass (Panicum virgatum 1.). Blue grama formed an understory 
in the open areas. The dominant forbs were snake broom (Gutierrezia 
sarothrae (Pursh) Britton s. Rusby.), evening primrose (Oenothera 
serrulata Nutt., and sensitive briar (Morongia uncinata Britton.) 
(Fig. 3). 
The brow of the east-facing slope (Habitat C) supported big 
bluestem, little bluestem and side oats grama. Golden rod, evening 
primrose, and black samson (Echinacea angustifolia DC.) were the three 
most common forbs found in this location (Fig. 4). 
Big bluestem was the most important dominant on the lower 
portion of the east-facing slope (Habitat D). Very few plants of 
switch grass were present. Towards the bottom of the ravine western 
wheat grass (Agropyron smithii Rydb.) and tall dropseed (Sporobolus 
asper var. Hooken (Trin.) Vasey) increased in abundance. Soap weed 
(Y~cca glauca Nutt.), western ragweed (Ambrosia psilostachya Gray), 
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wild alfalfa, and lead plant were the only four species of forbs in this 
area. (Fig. 5). 
The upper west-facing slope (Habitat E) is characterized by the 
occurrence of big bluestem and side oats grama with scattered bunches 
of little bluestem. Many forbs were also found. Wild alfalfa, wavy-
leaved thistle (Cirsium undulatum (N~tt.~ Spreg.), and aster (Aster 
ericoides 1.) were in abundance (Fig. 6). 
Fig. 3. View of habitat B (Transect Nos. 
3, 4 and 5 on middle east-facing 
slope) showing the growth of 
vegetation on September 17, 1960. 
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Fig. 4. View of habitat C (Transect No . 6 
on brow of the hill on east-facing 
slope) showing the growth of 
vegetation on September 17, 19600 
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Fig . 5. View of habitat D (Transect Nos . 7 
and 8 on lower portion of east-facing 
slope) showing the growth of vegetation 
on September 17, 1960. 
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Fig. 6. View of habitat E (Transect Nos. 
9 and 10 on upper west-facing 
slope) showing the growth of 
vegetation on September 17, 1960. 
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CHAPTER IV 
METHODS OF STUDY 
A line transect was established on the upper east-facing 
slope and extended across the lowland and the ravine to the upper 
west-facing slope. Along this main transect ten lateral line tran-
sects--two on the upper east-facing slope, three on the middle east-
f acing slope, one on the east-facing brow of the hill, two on the 
lower portion of the east-facing slope and two on the upper west-
facing slope--each 50 feet long were located in pure stands of big 
bluestem. Ten one-square-foot quadrats were established at five foot 
intervals along each lateral transect. Wooden pegs were used t o mark .. 
the location of quadrats. Numbered red flags were fixed at each 
• I 
quadrat to find and identify the quadrats in order to record weekly 
observations. 
Two representative plants of the big bluestem in each of the 
hundr~d--square-foot quadrats were selected for measuring the rate of 
growth. Cotton threads were tied securely around the culm of each 
plant for identification. 
A d~tailed study of selected individual _plants was made by 
measuring the _growth of plants and by counting the number of leaves 
at weekly intervals. Every new central leaf which emerged from these 
selected plants was measured in an attempt to learn which part of the 
plant was dormant or in the process of growth. 
The number of stems from even-numbered quadrats was counted 
twice during the season. The initial count was made on July 3 and 
another count on September 24 to determine the percentage of plant 
survival through the season. 
At the t~me of the second count the diameter of ten average 
22 
plants from each quadrat was measured. The basal cover was computed by 
multiplying the average number of plants by the average diameter of plants 
of the habitat. 
To determine the basal cover of the percentage composition by 
point-quadrat method, twenty sets of points were taken around each 
lateral transect. 
The species of forbs from a 3-square foot area adjoining each 
quadrat were counted on July 15. 
The depth of soil to rock of each habitat was determined by aver-
aging the depths of probes of a geotome at four places on each lateral 
transect. The soils sampled with the geotome were collected individually 
in appropriately labelled soil cans. The soil samples of each habitat 
were thoroughly mixed and two samples from each mixture were subjected 
to mechanical analysis. The hydrometer method was used to determine the 
percentage of each of the textural components of soils (Bouyoucos, 1936). 
Soil and air temperatures, rate of evaporation, relative humidity, 
wind velocity and light intensity on each habitat were recorded three 
times a day (8 a. m., 2 and 6 p.m.) every week in an attempt to learn 
more of the variation in microclim.ate factors o 
A small ditch about 9 inches deep and one foot wide was dug in a 
representative area of each habitat (Fig. 7). The soil was collected 
Fig.?. Typical set-up for measuring microclimatic 
variations at weekly intervals on one of the 
five habitats. A pair of white spherical 
Livingston atmometer cups (left), a ditch 
(right) in which soil thermometers wer e f ixed 
and a wooden stake (right) near which air 
temperature, relative humidity , light intensity 
and wind velocity were measured. 
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in a plastic bag approximately the same size as the ditch. Two holes in 
the side of the ditch and parallel to the soil surface were made 1 inch 
and at 6 inches for insertion of soil thermometers to record soil 
temperatures every week. The plastic bags which were filled with soil 
were placed back in the ditches after each temperature recording to 
prevent the direct heat of the sun or stagnation of water in case of 
rain. 
Two spherical white atmometer bulbs were located in each habitat, 
9 inches above the mulch layer for measuring the rate of ev~poration. 
Care was taken not to disturb the vegetation while recording weekly 
observations. The relative water loss was calculated by multiplying 
the average of the two bulbs by the proper correction factor (Living-
ston, 1935). 
Relative humidity was measured at the same spot inside the 
vegetation and just slightly above the vegetation each week on each 
habitat with Koch's psychrometer. 
The wind velocity was recorded by holding an anemometer for one 
minute slightly above as well as inside the vegetation on each habitat. 
The averages were converted into miles per hour. 
A lightmeter was used for measuring light intensity in foot 
candles . The light intensity at the mulch level, six inches above the 
mulch level and just above the vegetation were recorded at weekly 
intervals on each habitat . 
At the end of the growing season all the quadrats were clipped 
to determine seasonal yields . Harvested forage of each quadrat was 
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placed separately in a paper bag, labelled appropriately and allowed to 
air dry. Average yield of dried forage was computed from each habitat 
and converted to pounds per acre to represent the forage yield for that 
habitat. 
After the removal of forage , the depth of mulch was measured at 
two locations in each quadrat. Mulch of each quadrat was collected 
and treated similarly to that of the forage to compute yield per acre. 
Field notes were taken each week on general conditions of soil, 
vegetation and weather to support the measurements of individual plants 
and microclimatic data. 
Scientific names of grasses used in this study are those of 
Hitchcock and Chase (1950), while nomenclature for other herbaceous 
vegetation follows Rydberg (1932). 
CHAPTER V 
CLIMATIC CONDITIONS 
Climatic conditions, in general, were unfavorable for optimum 
plant growth during the growing season of 1960 (April to September, in-
clusive). The last freeze was on March 16 and until the beginning of 
June when the temperature went above 900 F., the season was moderate. 
After June, the days for most of the season remained warm, especially 
in July and August (Table I). During these months the average maximum 
temperature was more than 900 and the average minimum was above 62°. 
The month of August remained warmer than that of July vdth a high tem-
perature of 1070 and 21 days above 90°. Temperature remained relatively 
high during the first week of September. Though the average maximum was 
84.30, a high of 970 was recorded with 11 days exceeding 90°. The first 
light frost occurred on the last day of October . 
Total rainfall for the growing season was 14.05 inches which was 
3.81 inches below normal. Practically no rain fell during the month 
of July (Table I). For the most part the precipitation occurred as 
light showers of only a fraction of an inch a day except once each in 
August and September when more than an inch was recorded in a day. 
From the data given it is evident that precipitation was abnormal 
enough to cause mid-season drought conditions. Of the total of 2.34 
inches rain occurring in April, 1.69 inches was recorded on four days 
of the last week while the remaining 0.65 inches occurred as traces 
during the first three weeks . 
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Table I 
Precipitation and Temperature for the Growing Season 
of 1960 at Hays, Kansasl 
Precipitation Temperature in -°F. 
Number Number of 
Month Inches of days exceeding Av. Av. Hi ghest Lowest day s 
max. min. exceeding 
0.1 in. o.5 in. 1.0 in. 90° 
April 2.34 5 2 0 69.2 42 . 3 87 26 0 
May 2. 87 7 2 0 73. 3 48.o 91 31 1 
June 3.20 8 2 0 81.6 59 .7 106 50 6 
July 0.09 0 0 0 90 .6 62 .5 105 50 15 
August 3.76 5 2 1 91.8 63 .4 107 51 21 
Septem-
ber 1.79 2 1 1 84. 3 55.9 97 39 11 
1From Kansas climatological data. 
May was characterized by higher temperatures up to 106. 00 F. 
and the precipitation of 2. 87 was 0 . 91 inches below normal. Tempera-
tures occurring during June were 73 . 30 F. for maximum and 48.oO for 
0 minimum with a high of 91. 0 • The rainfall of 3. 20 inches was well 
distributed from June 4 to June 20. Then the dry spell prevailed 
through July during which traces of 0.09 inches of rain occurred. 
Lack of moisture and high temperature was above 90° for 21 days dur-
ing August, the rainfall was 0 . 92 inches above normal. Another dry 
period occurred. until the last week in September when lo79 inches of 





Habitat A (Upper east-facing slope) 
The depth of top soil was about 3 to 4 inches and sub-soil 
depth ranged from 8 to 9 inches (Table II). The percentages of silt, 
clay and sand were 41.3, 37.5 and 20.8 respectively. The sub-soil con-
tained a few small fragments of limestone. 
Habitat B (Middle east-facing slope) 
The percentage of soil separates was approximately the same as 
that of habitat A (Table II). The shallow soil, having a thin surface 
layer of 2 to 3 inches, was underlain with a 4 inches deep sub-soil. 
Habitat C (East-facing brow of hill) 
Percentages of silt, clay and sand were 38.5, 28.0 and 33.5 
percent, respectively, (Table II). Among all five habitats, the highest 
percentage of sand and the lowest percentage of clay were found on this 
habitat. The shallow soil, having a depth no more than 10 inches, con-
tained many limestone fragments on the surface of the soil indicating 
that the upper soil layer is partially eroded every year. 
Habitat D (Lower east- facing slope) 
As much as 42.5 percent silt and 39.5 percent clay with only 








Averages of Soil Composition and Soil Depth 
on five Habitats of a Relict 
Bluestem Prairie 
Separates of 
Mechanical Analysis Soil Type 
Silt Clay Sand 
41.3 37 .5 20 . 8 
~ !. Clayloam" 
43. 0 36 . 3 20 .6 II 
38. 5 28 . 0 33 .5 II 
42 . 5 39 . 5 18.9 II 










*The textural names of various soils were determined by using t he 
diagram presented by Buclanan and Brady (1960) . 
31 
D (Table II) . Owing to the yearly deposition of eroded soil from upper 
portions, the depth of the immature profile was more than 48 inches. 
Habitat E (Upper west-facing slope) 
The percentages of silt and clay were 43.6 and 29.0, respectively, 
(Table II). The remaining 27.3 percent of soil separates was made up of 
sand. The total soil depth was 10 inches with about 4 inches of top 
soil and 6 inches of sub-soil. 
Microclimatic Variations 
Temperature 
Consistently higher temperatures prevailed inside the vegetation 
than above it. The average daily air temperature on habitat E was from 
o.5° to 2.4o F. higher both in and above the vegetation in comparison 
to other habitats (Table III) . This does not seem to be a pronounced 
difference. The respective 84.5° and 83 .10 in and above the vegetation 
on habitat D were the lowest recorded on any habitat. A difference of 
less than 1.5° existed in the vegetation between habitats. However, 
differences above vegetation between habitats were slightly greater. 
The average afternoon soil temperature at 1 inch was consistently 
higher each week than at 6 inches (Fig 8) . The temperature differences 
ranged from 9 to 120 F. higher at the surface. During the day the dif-
ferences in soil temperature both at 1 inch and 6 inch depths were ob-
served (Table IV). The temperature remained highest at the 1 inch depth 
in the afternoon while it was highest at the 6 inch depth in the evening . 
Table III 
Average Air Temperature Recorded Three Times a Day 
at Weekly Intervals from July 30 to 
September 17, 1960, in a Relict 
Bluestem Prairie 
Habitat Degree Fahrenheight 
In vegetation Above vegetation 
A 85.o 83.7 
B 85.5 85 .o 
C 85.o 84.4 
D 84.5 83.1 
E 86.o 85.5 
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D ATE 30 6 13 20 27 3 10 17 
MONTH JU L A UGUS T SEPTEMBER 
Fig. 8. Comparison of surface-soil (1 inch depth) 
and sub- soil (6 inch depth) afternoon 
temperatures in a relict bluestem prairie 
at weekly intervals ending on dates indi-
cated on absicissa. 
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Table IV 
Average Surface-soil and Sub-soil Temperatures Recorded 





July 30 to September 17, 1960, in a 
Relict Bluestem Prairie 
~F Soil Temperature 
1-inch deep 6-inch deep 
71.2 
80 . 0 





During the study, the average afternoon surface soil temperature 
each week was highest on habitat Band lowest on habitat D (Fig. 9). 
Among the remaining habitats, C was warmer than A and E while the latter 
remained warmer than habitat A. These differences in temperature among 
the habitats were consistent throughout the season. 
Relative hwnidity 
Average relative hwnidity was consistently higher in the vegeta-
tion than above it each week (Fig. 10). Differences were pronounced 
in late July, early August and September. The highest relative humidity 
recorded was 61 percent inside and 58 percent above the vegetation on 
July 27. 
The differences in average relative humidity in the vegetation 
among habitats were fairly pronounced throughout the season (Fi g. 11). 
Relative humidity was consistently highest in habitat D and was lowest 
in habitat E. Among the remaining three habitats, it was higher in A 
than B and C while that in B was higher than C, each week. 
In generaJ., the relative humidity was higher both in and outside 
the vegetation during the middle of the season than in late July and 
September. 
Evaporation 
Average weekly evaporation from white sphericaJ. Livingston 
atmometer cups was measured and showed consistent differences among 
habitats (Fig . 12). Each week the highest water loss, ranging from 282 



























DATE 30 6 
MONT H JULY 
13 20 27 3 10 17 
A UG UST SEPTEMBER 
Fig. 9. Comparison of surface-soil afternoon 
temperature (1 inch depth) on f ive 
habitats (A, B, C, D and E) in a r elict 
bluestem prairie at weekly intervals 
ending on dates indicated on abscissa. 
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DATE 30 6 
MONTH J ULY 
' ' \. 
' ' ' ', 
' ' .. ' IN VEGETATIO N 
ABOVE VEGETATION ----
13 20 27 
AUGUST 
3 10 17 
SEPTEMBER 
Fig. 10. Comparison of relative humidity in 
and above vegetation in a relict 
bluestem prairie at weekly intervals 
ending on dates indicated on abscissa. 
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13 20 27 3 IO 17 
AUGU ST SEPTEMBER 
Fig. ll. Comparison of relative humidity in the 
vegetation on five habitats (A, B, c, D 
and E) in a relict bluestem prairie at 
weekly intervals ending on dates indicated 
on abscissa. 
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DATE 30 6 13 20 27 3 10 17 
MO NTH JU LY A U G u s T SEPTEM BER 
Fig. 12. Comparison of water loss from white 
spherical Livingston atmometer cups 
on five habitats (A, B, C, D and E) 
in a relict bluestem prairie at weekly 




139 cc. to 266 cc. on habitat D and was the lowest every week. From 1.5 
to 2 times more water was lost from habitat Ethan from habitat D at the 
end of the season. Loss of water was less each week from habitat C than 
from habitat B but was higher than habitat A. The latter was next lowest 
to habitat D. 
The rate of evaporation reached a maximum during the first week 
of August followed by a week of minimum evaporation. 
Wind 
The average daily air movement was from 3 to 28 times higher 
each week above the vegetation than in the vegetation (Fig . 13). Wind 
velocity of 8.4 miles per hour was recorded August 27 above the vegeta-
tion. Except for August 6 and September 17 air movement in the vegeta-
tion remained below 1 mile per hour throughout the season. 
There were no essential differences in air movement in the 
vegetation from morning to evening of a recording day (Table V) . 
Average wind velocity above the vegetation was 3.4, 4.2 and 4.5 miles 
per hour in the morning, afternoon, and evening, respectively. Thus 
the wind velocity increased as the day progressed. 
As one would expect, the intensity of light was highest above 
the vegetation while it was lowest at mulch level inside the vegetation 
(Fig. 14). Light intensity was from 2.7 to 5.0 times greater than 
inside the vegetation. 
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Fig. 13. Comparison of wind velocity in and 
above vegetation in a relict bluestem 
prairie at weekly intervals ending on 
dates indicated on abscissa. 
Table V 
Averate Wind Velocity Measured Three Times a Day at Weekly 





in a Relict Bluestem Prairie 
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DAT E 3 0 6 13 20 2 7 3 10 17 
MONTH JULY AUG UST 
ABOVE VE GE TAT ION 
I N VEG E TA T I O N 
MULCH LEVEL 
SEPTEMBER 
Fig . 14. Comparison of light intensity above 
vegetation, in vegetation (6-inch 
above mulch level) and at mulch level 
in a relict bluestem prairie at weekly 
intervals ending on t.he dates indicated 
on abscissa. 
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vegetation on all habitats, a significant difference existed between 
habitats, both at mulch level and 6 inch above mulch level (Table VI). 
The light measured inside the vegetation, both at mulch level and 6 
inches above mulch level was the lowest on habitat D but highest on 
habitat E. Next to the latter in descending order were habitats B, 
C and A. 
Rate of growth 
"When this study was initiated on June 17, big bluestem had 
attained a maximum height ranging from 31.1 cm. to 47.5 cm. with 3 to 
4 leaves on each plant . During initial observations the plants grow-
ing on habitat D averaged 47 .5 cm. in height and were taller than on 
any other habitat (Fig. 15) . Average maximum heights of 31.9 cm. and 
31.1 cm. were recorded for the plants on habitat Band habitat C, 
respectively. The respective height of plants on habitats A and E 
were 33.3 cm. and 33.6 cm. As the season progressed the marked dif-
ferences in height of plants on different habitats occurred. By 
July 15, the plants on habitat D grew as high as 60.1 cm. while those 
on habitat Chad attained the height of only 37.0 cm. At the same 
stage of growth, an average difference of only one-half to one centi-
meter existed between plants on habitat A, Band E. No further growth 
of plants occurred on any of the habitats after July 15. 
An average of 3.6 leaves per plant recorded on June 17 on 
habitat D was the lowest of all habitats (Table VII) . The highest 
number of leaves (4.1) per plant was recorded on habitat A. The 
plants on habitats B, C and E averaged 3.9, 3. 8 and 4.0 leaves per 
- -
Table VI 
Average Light Intensity Measured Three Times a Day 
at Weekly Intervals on Five Habitats from 
July 30 to September 17, 1960, in a 
Relict Bluestem Prairie 
in foot candles 
Habitat 
Light 
Mulch Level 6-inch above Mulch Above Vegetation 
A 937 2275 4200 
B 1487 2525 4200 
C 1175 2462 4200 
D 412 1350 4165 
E 1612 2762 4250 
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8 15 22 30 13 
JUL y AUGUS T 
Fig. 15. Comparison of rate of growth of big 
bluestem plants on five habitats (A, 
B, c, D and E) in a relict bluestem 
prairie during the weeks ending on 
dates indicated on abscissa. 
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Table VII 
Average Number of Leaves Per Plant at Weekly Intervals 
on Various Rabi tats of a Relict 
Bluestem Prairie 
Number of Leaves Per Plant 
Habitat June July August September 
17 24 1 8 15 22 30 6 13 20 27 3 10 17 24 
A 4.1 4.9 4.7 4.3 4.2 4.1 3. 7 3.2 3.5 3.2 3.1 3.1 3.1 3.1 3.1 
B 3.9 4.4 4.3 4.1 4.1 4.1 3.8 3.5 3.7 J.5 3.1 3.1 3.1 J.l 3.1 
C 3.8 4.4 4.2 4.1 J.8 J.6 2.9 2.7 3.0 J.0 2.8 2.8 2.8 2.8 2.8 
D 3.6 4.6 4~7 4.8 4.8 4.9 4.6 4.4 4.6 4.J 4.1 4.1 4.1 4.1 4.1 
E 4.0 4.7 4.6 4.5 4.J 4.1 J.7 3.3 3.5 J.l J.0 3.0 J.0 3.0 3.0 
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plant, respectively. At the next weekly recording one more leaf per 
plant was found on the plants of habitat D while an average increase 
from 0.5 to 0.9 leaves per plant was recorded for the other habitats. 
From June 24 through the month of July, leaf numbers per plant decreased 
steadily until August 6, except for habitat D. In the latter habitat 
most of the plants instead of losing dry leaves, continued to produce 
new leaves until July 22 when the number declined. The observations 
on August 13 showed that the addition of new leaves on only a few plants 
on each habitat provided an average increase of 0.2 to 0.3 leaves per 
plant. The leaves continued to dry and wither until August 27. The 
number of leaves recorded on August 27 remained constant until the end 
of the season. The plants on habitat D, having the initial lowest 
average number of leaves June 17 exceeded the average number of leaves 
per plant for other areas by July 8 which attests to the favorable 
growing condition of the lowland. 
In addition to the foregoing observations, the measurement of 
new leaves arising from the central part of the plants was started on 
July 22. At the time of the initial observation an average length of 
26.4 cm. for leaves on habitat D was recorded as the highest of all 
habitats (Table VIII) . The average length of leaves on habitat E was 
only 17.5 cm. and was the shortest. Until the end of August, leaves 
continued to grow on all the habitats. No further growth occurred af'ter 
August. 
New leaves other t han those already under observation, were 
noticed corning out of the central part of the plants on August 13 and 
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Table VIII 
Average Growth of Central-leaf of Selected Plants 
Measured at Weekly Intervals on 
Various Habitats of a Relict 
Bluestem Prairie 
Weekly Leaf Growth in cm. 
Habitat 
July August September 
22 30 6 13 20 27 3 10 17 24 
A 20.4 21.5 21.6 22.2 22.4 22.7 22.7 22.7 22.7 22.7 
B 19.5 19.7 20.0 20.7 21.1 21.8 21.8 21.8 21.8 21.8 
C 19.1 19.7 20.0 20.6 20.7 21.2 21.2 21.2 21.2 21.2 
D 26.4 36.5 32.5 35.4 36.7 38.2 38.2 38.2 38 .2 38.2 
E 17.5 18.6 19.2 19.2 20.3 21.0 21.0 21.0 21.0 21.0 
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measurements were started. Similar to previously measured leaves, these 
new leaves were also longer on the plants of habitat D t han on other 
habitats (Table IX) . On an average these leaves continued to grow till 
September 3 and maintained the proportion of length among t he different 
habitats for the remaining period of t he season. After September 3 
no further growth occurred on any habitat. 
In general, plants growing on habitat D were taller at t he end 
of the season than on any other habitat (Fig. 16). No signif icant dif-
ference existed in height of plants growing on habitats B, C and E but 
the plants on habitat A were taller than those on the latter three 
areas. A similar diff erence in height of plants having inflorences, 
though very few in number was found on the various habitats (Fig. 17) . 
Only two plants produced inflorescences out of two hundred plants 
designated for study. 
Structure of vegetation 
Basal cover and composition 
Basal co-ver on habitat A aver aged 23.3 percent (Table X). 
Bi g bluestem comprised 90.8 percent of t he vegetation. Small scat-
tered clumps of litt le bluestem were f ound on the shallower soils. 
They averaged 3. 2 percent of t he composition of habitat A. The remain-
ing 6 .0 percent was furnished by small clumps of side oats grama dis-
persed among big bluestem. 
Of the several forbs listed, golden rod, sweet clover and wild 
alfalfa were most abundant (Table XI) . 
Table IX 
Average Growth of New Leaf Production of Selected Plants 
Measured at Weekly Intervals on Various Habitats 
of a Relict Bluestem Prairie 
Weekly Leaf Growth in cm. 
Habitat August September 
13 20 27 3 10 17 
A 12.0 13.5 13.7 13.8 13.8 13.8 
B 11.6 12.7 13.3 13.5 13.5 13.5 
C 11.9 12.0 12.0 12.0 12.0 12.0 
D 24.0 27.1 28.1 28.4 28.4 28.4 








Fig. 16 . · Comparison of growth of big bluestem plants 
on five different habitats (From left to 
right: A, B, c, D and E) at the end of 
season in a relict bluestem prairie. 
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Fig. 17. Comparison of growth of big bluestem plants 
having inflorescences on five different 
habitats (From left to right: A, B, c, D 




Species Composition and Basal Gov.er of Grasses 
(Point-quadrat Method) on Various Habitats 
of a Relict Bluestem Prairie 
Species Percent Composition 
Habitat Habitat Habitat Habitat 
A B C D 
Big bluestem 90.8 85.5 75.6 93.7 
Little bluestem 3.2 4.2 22.8 
Side oats grama 6.o 4.3 1.6 
Switch grass 1.0 6.3 
Indian grass 3.5 
Blue grama i.5 










Average Number of Forbs on Various Habitats 
of a Relict Bluestem Prairie 
Species Number of Forbs in 3 sq. ft . Area 
A B C D E 
Psoralea tenuiflora 4.8 2.9 1.0 2.3 2.6 
Morongia uncinata 2.0 3.1 1.6 1.0 1.0 
Amorpha canescens 2.3 1.5 o.5 2.0 1.0 
Cirsium undulatum 1.5 0.9 o.s 2.0 
Ratibida columnifera 2.6 1.4 1.0 
Echinacea augustifolia 2. 3 1.8 1.5 1.3 
Solidago rigida 11.4 3.3 5.o o.5 3.5 
Helianthus annuus 3.5 o.5 1.0 1.0 
0enothera serrulata 2.6 3.2 2.0 2.1 
Ambrosia psilostachya 1.5 2.0 2.3 2.1 
Houstonia angustifolia 1.5 2.0 o.6 1.0 
Aster ericoides 3. 2 o.5 3.0 2.3 
Liatris punctata o.5 1.0 2. 8 2.1 
Thelesperma gracile o.5 1.8 o.5 2.2 
Melilotus alba 9.1 5.2 
Polygala alba 2.3 2.0 1.0 1.7 
Gu.tierrhezia sarrothrae o.5 2.1 1.6 
Scutellaria resinosa 1.5 1.2 
Stenosiphon linifolius 0. 3 2.0 
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Average basal cover on habitat B was 20. 5 percent (Table X) . Big 
bluestem was the dominant species composing 85.5 percent of the composi-
tion. Little bluestem and side oats grama were almost equal in propor-
tion and together accounted for 8.5 percent of the composition. Small 
clumps of Indian grass were present and made up 3.5 percent of the 
composition. Blue grama and switch grass were found in localized clumps 
and comprised 1.5 and 1 . 0 percent of the vegetative composition, respec-
tively. 
Almost the same species of forbs as that of habitat A were found 
in habitat B but in less abundance (Table XI). However, golden rod, 
sweet clover and wild alfalfa made up only a small portion of the forb 
population. Sensitive brier, evening primrose and narrow-leaved 
houstonia (Houstonia angustifolia Michx.) were more abundant than in 
habitat A. 
Total basal cover on habitat C was also 20.5 percent (Table X) . 
Big bluestem was the principal grass comprising 75.6 percent of the 
vegetation as compared to 22.8 percent for little bluestem and 1 . 6 
percent for sideoats grama. Big clumps of little bluestem were scat-
tered throughout the shallower soils on the brow of the slope. Sparse 
small clumps of side oats grama were associated with big bluestem. 
Relatively few species of forbs were found in this area. Golden 
rod, heath aster, blazing star (Liatris punctata Hook.) and evening 
primrose were the dowinant forbs (Table XI) . 
Habitat D was composed almost entirely of big bluestem (93.7 
percent) with switch grass furnishing the remainder of the grass cover 
57 
(Table X). Average basal cover of this lowland was 15.2 percent. 
This area supported only six species of forbs (Table XI) . Of 
these, wild alfalfa, false gaura (Stenosiphon linifolius (NUTT.) 
Britton) and lead plant were most common. 
Big bluestem was also the most abundant grass on habitat E 
comprising 84.5 percent of the sparse cover of grasses (Table X). 
Little bluestem and side oats grama occurred in scattered clumps and 
amounted to 11. 3 and 4.2 percent of the composition, respectively. 
Many species of forbs occurred in this area (Table XI) . Though 
each species was more or less equal in abundance, golden rod, wild 
alfalfa, heath aster and black samson (Thelesperma gracile (Torr.) 
A. Gray.) were the principal forbs. 
Plant population 
A marked difference in the number of plants per unit area 
existed among habitats during the growing season. The number of 
plants ranged from 105 per square foot on habitat A to 66 on habitat 
E wnen the first count was made on July 2 (Table XII). However, by 
October 1, habitat D had the greatest number of plants because of the 
higher percentage of survival in this lowland. The lowest survival 
of the plants was in habitat E where only 46 percent of those present 
on July 2 were present by October 1. On the remaining A, Band C 
habitats, the percentage survival was 51, 50 and 50, respectively. 
The average diameter of the culms of big bluestem of 0.15 cm. 
was the same for all habitats except for those on habitat D where it 
was 0.16 cm. (Table XIII). The trend of basal cover computed by 
Table XII 
Average Number of Big Bluestem Plants Per Square-foot 
on Various Habitats of a Relict Bluestem Paririe 
On Two Dates 
Plant Number On 
Habitat 
July 2 October 1 
A 105 54 
B 93 46 
C 84 41 
D 77 .57 










Average Number of Big Bluestem Plants Per Square-foot 
and Average Diameter of Culms on Various Habitats 
of a Relict Bluestem Prairie. Computed Basal 
Cover is the Product of Average Number 
of Cul.ms Per Unit Area Times 
Average Diameter. 
Averages of Plants Computed 
Habitat Basal Cover 
Number Diameter in cm. 
A 105 0.15 15.7 
B 93 0.15 13.9 
C 84 0.15 12.6 
D 77 0.16 12oJ 
E 66 0.1.5 9.8 
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multiplying the number of plants of a unit area by the average diameter 
of the culms was comparable to basal cover determined by the point-
quadrat method. 
Amount and depth of mulch 
The greatest amount of mulch, 9,778 pounds per acre, having a 
depth of 13.4 cm., was collected from habitat D (Fig. 18). The respec-
tive depth of 6.6 cm. and 6.3 cm. of mulch on habitat A and habitat E 
contributed 4,431 pounds and 4,340 pounds per acre (Table XIV) . From 
the remaining habitats Band c, a thickness of 4.7 cm. and 4.3 cm. of 
mulch amounted to 3,226 and 3,322 pounds per acre, respecti vely. 
Seasonal production 
Total grass production of the season from habitat D was 3,135 
pounds per acre, the highest nf all the habitats (Fig. 18). Habitat 
E produced only 1,325 pounds. The seasonal production on habitat A, 
Band C was 1,930$ 1,546 and 1,699 pounds per acre, respectively. 
Seasonal responses of vegetation 
Climatic conditions during the early growing season of 1960 
favored rapid growth of big bluestem in the relict prairie. Relatively 
mild temperatures with adequate soil moisture enhanced growth of plants 
on various habitats until the end of June . Growth was slowed with the 
onset of high temperatures md low soil moisture in July. No further 
growth in height was recorded after July 150 
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Fig. 18. Comparison of seasonal yield of grass 
(big bluestem) harvested and mulch col-
lected from five habitats (A, B, C, D 
and E) of a relj_ct bluestem prairie . 
The depth of soil to rock on various 
habitats is indicated on abscissa. 
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Table XIV 
Seasonal Production of Grass (Big Bluestem) and Depth 
and Amount of Mulch from Various Habitats 
of a Relict Bluestem Prairie 
During 1960 





























Adverse effects on plant growth were caused by draughty conditions 
occurring during July. Inward curling of the edges of leaves was the 
apparent sign when plants on all habitats started withering. Owing to 
decreased soil moisture and increased water loss by evaporation result-
ing from high temperatures, the basal leaves of plants started drying. 
The blades of dried leaves shredded away from the collar leaving the 
sheath attached to the culm. This process resulted in a decrease in 
the number of leaves on some plants recorded on July 8 except on 
habitat D where growing conditions were still favorable. Except for 
August 13, a gradual decrease in number of leaves per plant was re-
corded until August 27, after which no further loss occurred. 
Another significant difference from normal growth noted first 
on August 20 was the change of green color of leaves into deep brown 
or bronze color giving a striking color contrast to the prairie. 
Careful examination of a large number of leaves revealed that the sur-
face of leaves, either the upper or lower, which ever was towards the 
sun and received direct solar radiation, had completely changed to a 
dark brown color; on the other hand, the surface of the leaf blades 
on the opposite side away from the sun was still green. The probable 
reason could be the modifying effects of light on color of leaves 
resulting from concentration of anthocyanin pigments. Any environ-
mental factor such as high light intensity or drought which favors 
an increase in sugar content of a given plant tissue often favors 
synthesis of anthocyanin in that tissue (Meyer and Anderson, 1952) . 
At the end of the season the tips of the leaf blades became 
light in color and older basal leaves gradually turned a light 




Big bluestem in the relict area responded to effects of an 
increase or a decrease in factors of the habitat by differences in 
growth, changes in structure and variations in seasonal production. 
However, no single factor was found responsible for development and 
production of big bluestem in this study. · A similar conclusion was 
reported by Flory (1936). 
Though the soils of various habitats were texturally classified 
as clay loam, considerable differences in the percentage of soil 
separates, especially sand and clay, existed. The deposition of eroded 
fine particles on habitat D from habitat C, on the brow of the hill 
att ributed to the highest percentage of clay and very deep soil on the 
form.er habitat leaving the highest percentage of sand on the latter. 
The percentages of soil separates were practically the same on 
habitats A and B, though the difference in soil depth was 5 inches. 
Soil on habitat E was only one foot deep and had the highest percen-
tage of silt of all the habitats. 
Average daily air temperatures on various habitats did not vary 
to a significant extent. Average maximum temperature for the season 
was higher on the west-facing slope compared to the habitats on the 
east-facing slope. Habitat D located on the lower portion of the 
east-facing slope, was the coolest because the angle of exposure re-
duced the direct effect of light which was spread over a larger 
• 
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surface, thus reducing heat intensity. According to Weaver and Clements 
(1938), at an angle of 100 a square decimeter received but 17 percent 
as much heat as at 90°. Because of less wind movement inside the vege-
tation, air was consistently warmer than outside on all the habitats. 
Comparison of soil temperatures recorded in afternoon indicated 
that the surface-soil at 1 inch depth was warmer than sub-soil at 6 
inch depth. This was true for all the habitats. The highest surface-soil 
temperatures were recorded on habitat B which has more exposure than any 
other habitat. Moreover, the amount of mulch was less in comparison to 
other habitats, except c. The reverse was true for habitat D which had 
the greatest amount of mulch and the tallest vegetation. Data indicated 
that the cover tended to reduce soil temperatures. These findings are 
in general agreement with those obtained by Larson and Whitman (1942) 
who found that mulch reduces soil temperatures • 
Higher relative humidity recorded inside the vegetation indi-
cated that air inside was more moist than at the top of vegetation. 
Humidity inside the vegetation was consistently higher on habitat D 
where the amount of mulch was highest and vegetation was tallest. 
Habitat E, on the other hand, having sparse vegetative cover and re-
ceiving high temperatures for a longer period, had the lowest humidity. 
Differences in humidity recorded on habitats A, Band C were owing to 
variations in vegetative cover. These data indicated that the 
humidity was influenced by both vegetative cover and temperature. 
The amount of water lost from spherical atmometer cups was 
1.5 times higher on the west-facing slope than that on the east-facing 
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slope for the season. Aikman (1914) has also reported that evaporation 
averaged about 6 cc. per day higher for the west slope than for the east 
slope from July 25 to August 24, near Floris, Iowa. 
Relatively high temperature and low humidity on habitat E was 
associated wit h highest water loss, ranging from 282 cc . to 473 cc. 
per week. On habitat D where temper ature was lowest and humidity was 
highest, the rate of water loss was lowest. Thus evaporation increased 
with i ncreased temperature and decreased humidity and vice versao 
Darwin (1914), Manzonia and Puppo (1934), Martin and Clements (1935) 
and Curtis (1936) have concluded that correlati ons between either 
temperature or relative humidity and transpiration are in part owing 
to the relationship of these fac t ors with insolation. 
The velocity of wind measured was higher at the top of vegeta-
tion than inside because the vegetation retarded the movement of the 
wind. Wind velocity remained below 2 miles per hour i nside the vege-
tation even though as much as 8.5 miles per hour was recorded outside. 
Allee ~ al. (1949) and Rice (1960) have reported that the surface of 
veget ation acts in reducing wind velocities almost to the zero point. 
Wind movement measured outside the vegetation was highest in 
the evening but lowest in the morning, while it varied little inside the 
veget ation. 
Light intensity recorded on habitat E, located on the west-facing• 
slope, was higher than any of the habitats on the east-facing slope. 
The lowest amount of light was received by habitat D where the angle 
that it makes with the surface of the east-facing slope was least for 
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a longer period of a day. 
Considering the light intensity outside the vegetation as 100 
percent, the light inside the vegetation was reduced to 28 percent and 
57 percent at mulch level and 6 inches above the mulch, r espectively. 
The variations in light intensity measured inside the vegetation were 
directly proportional to the vegetative cover of the respective 
habitats. 
The occurrence of rainfall induced the growth of plants on all 
habitats up to July 15. After the prolonged dry spell in July, the 
plants ceased to grow in height but new leaves produced from the cen-
tral portion were recorded on many plants until September 13. The 
number of plants producing new leaves varied from one habitat to 
another depending upon the availability of moisture and degree of 
variations in microclimate factors. Only two inflorescences were 
produced per two hundred plants of big bluestem. 
Though the amount of rainfall and type of soil were the same 
on all habitats, availability of moisture was modified by depth of 
the soil and amount of mulch. The maximum growth recorded on habitat 
D may be attributed to the vecy deep soil, the thick layer of mulch 
and less transpirati0n due to lower temperature and higher humidity 
than on any other habitat. The results of Hanks and Woodruff (1958) 
have shown that mulch buffers the relative influence of wind on evapo-
ration. 
Basal cover determined by both the methods was lowest on 
habitat E, located on the west-facing slope. Weaver (1917) found 
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vegetative cover less dense on the exposed south slope which is comparable 
to the west slope. 
Depth of soil and exposure were found to be the determining fac-
tors for variations in species composition. A very deep soil on habitat 
D supported only big bluestem and switch grass, both sod-forming grasses. 
Big bluestem, side-oats grama and little bluestem were found on the 
medium soils on habitats A, C and E. Among these three habitats, the 
soil of habitat C, on the brow of the hill, was shallowest and the per-
centage of little bluestem was highest. In addition to the above 
species, Indian grass and bluegrama were found on habitat B. The 
various habitats were also characterized by the presence or absence 
of certain species of forbs. 
The lowest percentage survival of plants was recorded on 
habitat E, where the microclimatic factors were extreme. Habitat D, 
having deep soil, covered by a thi ck layer of nrulch, receiving low 
temperatures and maintaining high himidity, had the highest percentage 
survival at _the end of the season. 
Percent basal cover determined by the point-quadrat method was 
higher than that computed by nmltiplying the number of plants per unit 
area by the average diameter of cu.lms. The probable reason for the 
difference in basal cover determined by these two methods might be 
that the former was used to determine basal cover of the entire 
habitat and included all grasses while the latter was used to deter-
mine basal cover on the one-square-foot plots which had a pure stand 
of big bluestem. 
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A direct relationship existed between the amount of mulch and the 
depth of mulch. The thickness of 13.4 cm., on habitat D, contributed 
9,778 pounds of mulch per acre while the lowest amount of 3,322 pounds 
per acre was collected on habitat c, having a mulch layer 4.3 cm. thick. 
Higher yields of grass were not associated with a larger amount 
of mulch where environmental faptors were extreme. These findings 
differ from those of Larson and Whitman (1%.2) and Beutner and Anderson 
(1943) who reported forage yields which varied directly with the 
depth of natural mulch due to increase in conservation of moisture. 
An average of 1,325 pounds of grass per acre on habitat E on 
the west-facing slope was the lowest and probably resulted from the 
lowest basal cover and the least survival of plants due to the extreme 
adverse effects of habitat factors. Favorable conditions on habitat 
D, on the other hand, supported taller plants with maximum survival and 
the highest seasonal production. rt was 3,135 pounds per acre. The 
seasonal production of big bluestem on habitats A, Band C was 1,930, 
1,546, and 1,699 pounds per acre. A comparison of yield data of these 
habitats revealed that the deeper soil of habitat A a ssociated with 
less intense effects of microclimatic factors correlated with higher 
yield per acre. The forage production of habitats E and B indicated 
that the deeper soils of the former produced less than the latter 
where the effects of microclimatic factors were less intense. 
CHAPTER VIII 
Sffivil'1ARY 
Five habitats were selected on the basis of exposure in a relict 
bluestem prairie, near Hays, Kansas. The primary objective of this in-
vestigation was to determine the responses of big bluestem to variations 
in habitat factorso To accomplish this objective, factors included in 
the study were: (1) soil composition; (2) temperature; (3) relative 
humidity; (4) evaporation; (5) wind; (6) light; and (7) mulch cover. 
Detailed study of the responses of big bluestem to variations in 
habitat factors included: (1) rate of growth; (2) basal cover and 
percent composition; (3) plant population; and (4) seasonal production. 
During the growing season of 1960, when thi~ study was conducted, 
a mid-season drought occurred greatly affecting vegetative growth. A 
total of 14.05 inches of rainfall was 3.81 inches below normal for the 
growing season. 
Soils on all habitats had a clay loam texture as determined by 
mechanical ~alysis. Soil as deep as 48 inches was found on habitat 
D. The shallowest soil, only 7 inches deep, occurred on habitat B. 
A depth of 10 inches was found on habitats C and E, while the soil 
was 12 inches deep on habitat A. 
Habitat E, located on the west-facing slope had the highest 
average maximum air temperature of 860 F. Of the four habitats on the 
east-facing sl0pe, average air temperature of 83.1 O on habitat D was 
the lowest. The temperatures inside the vegetation were consistently 
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higher tha~ temperatures above the vegetation throughout the season. 
Irrespective of habitat, the surface layer of soil was warmer than 
the sub-soil layer. Soil temperature was highest in the surface-soil 
in the ai'ternoon but did not reach a maximum in the sub-soil until even-
ing . Soil temperatures were entirely regulated by the amount of mulch 
on the respective habitats. Afternoon surface-soil temperatures, rang-
ing from 69 . 80 F. to 77.0°, were the lowest on habitat D protected by 
the thickest mulch layer and the tallest vegetation. Surface soil 
temperatures ranged from 78.2° F. to 91.40 on habitat B were the highest 
recorded on any habitat .• 
Weekly relative humidity was consistently higher in the vegetation 
than above. Moreover, the humidity in the vegetation was highest through-
out the season on habitat D where big bluestem was tallest. Rabi tat E, 
on the west-facing slope, had the lowest relative humidity. 
Rate of evapor ation for the season was 1.5 times higher on the 
west-facing slope than that on the east-facing slope. Water loss on 
habitat E ranged from 282 cc. to 473 cc. per week and was the highest 
of all habitats. The least loss of water, ranging from 139 cc. to 
266 cc . per week, was recorded on habitat Do 
Wind velocity was consistently higher above the vegetation than 
inside. Though air movement was highest in the ~evening and lowest in 
the morning above vegetation, little variation occurred through the day 
inside the vegetation. 
In comparison to the habitats on the east-facing slope, light 
intensity was higher on habitat E on the west-facing slope. Data 
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indicated a decided relationship between light intensity and vegetative 
cover and height. Among the habitats the light intensity, both at mulch 
level and 6 inches above the mulch, was the lowest on habitat D, while 
it was the highest on habitat E which had less cover and vegetati ve 
height than habitat Do 
The microclimatic variations were enough to conclude that the 
west- f acing slope was more xeric than the east-facing slope. 
After July 15, no increase in height of big bluestem plants grow-
ing on various habitats was recorded. However, plants continued to 
produce new leaves until September 13 but the number of leaves produced 
varied on the different habitats. Plant growth and leaf production 
were the highest on habitat D because of favorable mesic conditions. 
Average maximum height of big bluestem was 60.2 cm. and 4.1 leaves per 
plant wer e produced by the end of the season. Least height of 36.0 
cm. and the lowest number of 2.8 leaves per p~ant were recorded on 
habitat Co Height growth on habitats A, Band E were very similar 
and varied no more than 4 cm. from that the recorded on habitat c. 
Weekly observations of two hundred selected plants showed that 
only one percent of the big bluestem plants could produce inflorescencesG 
Average basal cover by the point-quadrat method was 23.3, 20.5, 
15.2 and 9.8 percent on habitats A, B, G, D and E, respectively, while 
that computed by number of plants times average diameter was 15.7, 13.9, 
12.6, 12.3 and 9.8 percent. Logically and mathematically the latter 
method seems more nearly correct for sod-forming grasses. In addition, 
basal .cover by occular estimation was similar to that found by calculation. 
Big bluestem was dominant and consisted of 75.6 to 93.7 percent 
of the total vegetation on the various habitats. Little bluestem, the 
next major species was more abundant on habitat c. Side-oats grama 
occurred on all habitats except D. Switch grass was found only on 
habitat B and D while the former habitat also supported India..~ grass 
and bluegrama. 
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At the end of the season, 72 percent of the plants survived on 
habitat D which was the highest survival of all habitats. Only 46 
percent of the plants survived on habitat E and was the lowest. Sur-
vival on the remaining habitats averaged about 50 percent. 
Habitat D had the greatest amount of mulch which was 9,778 
pounds per acre with a thickness of 13.4 cm. Habitats A and E averaged 
about 4,385 pounds per acre and habitats Band C averaged 3,324 pounds 
per acre . 
The amount of mulch on various habitats was directly proportional 
t o either height or basal cover of the vegetation. 
The highest seasonal production of 3,135 pounds per acre of big 
bluestem was harvested on habitat D. The lowest amount of 1,325 
pounds per acre was harvested from habitat E. Habitats A, B, and C 
produced 1,930, 1,546 and 1,699 pounds per acre, respectively. 
The development and production of big bluestem on various 
habitats were affected by different habitat factors but no single 
factor was found responsible. 
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